In the present study, cyanobacterial strains isolated from Loktak Lake were investigated for their possibility of increasing the content of phycobiliproteins and ammonium excretion under different levels of pH. At pH 5.0, maximum amount of PE was observed in Nostoc sp. BTA-61 (111.10±9.43 µgmg -1 ). Maximum PC was expressed in Phormidium sp. BTA-1048 (155.17±10.15 µgmg -1 ). APC content was observed maximum in Nostoc commune BTA-67 (81.45±7.68 µgmg -1 ). At pH 6.0, high PE was observed in Nostoc sp. BTA-61 (125.11±11.60 µgmg -1 ). PC was maximum in Phormidium sp. BTA-1048 (168.15±9.58 µgmg -1 ). APC was highest in Nostoc commune BTA-67 (91.41±2.88 µgmg -1 ). Regarding at pH 7.0, PE was found in high quantity in Nostoc sp. BTA-61 (127.91±14.91 µgmg -1 ). PC was maximum in Nostoc commune BTA-67 (128.52±5.66 µgmg -1 ). APC was highest in Nostoc commune BTA-67 (96.40±3.52 µgmg -1 ). PE, PC and APC concentration was significantly higher (LSD test, p<0.05) in pH 7.0 when compared with the other pH 5.0, 6.0, 8.0 and 9.0. In this study, maximum ammonium excretion was observed in Nostoc muscorum BTA-950 in all the different pH and minimum in Anabaena sp. BTA-964. The findings indicates that these cyanobacterial strains may be proved as promising microorganism for the phycobiliproteins production and ammonium excretion which could be exploited biotechnologically for the benefit of commercial applications.
INTRODUCTION
Cyanobacteria are photoautrophic prokaryotes which are known for their remarkable ability to grow and survive in varying environmental conditions [1] . They are known to produce a variety of water soluble photosynthetic pigments. These pigments could be used as natural colorants for food and cosmetic products as well as molecular fluorescent markers, depending on their purity grade [2] . The use of phycobiliproteins as non-toxic and non-carcinogenic natural food colorants is gaining importance because of the potential toxicity and carcinogenicity of the currently used synthetic food colourants or additives [3] ; [4] . US$ 1500 mg -1 for highly purified molecular markers (with antibodies or other fluorescent molecules). In 1997, the value of these pigments in the commercial sector was estimated to be US$ 50 million worldwide [5] . Currently, nutraceuticals segment of food industry is exploring. This market is growing at 5% per annum and is estimated at between $6 billion USD and $60 billion USD in today's global market [6] . The utilizing cyanobacteria as an efficient source of biofertilizer for rice field has been practised and adopted in India [7] . Among the different soil factors affecting the survival of cyanobacteria, pH is particularly important directly influencing cyanobacterial distribution and abundance in soil [8] . Use of biofertilizers is cost-effective, cheap and renewable source to supplement the chemical fertilizers. pH plays a very important role in the metabolic and physiological activities of cyanobacteria. It strongly affects biomass production, chemicals dissociation and cell physiology. As with any other living cells, cyanobacterial cell function depends on the maintenance of a narrow range of survivable intracellular pH [9] . Cyanobacteria are capable of maintaining a constant internal pH of 7.1-7.5 in the range of external pH from 5.0 to 10 [10] .
Research on cyanobacterial pigment production originating in different habitats and effects of environmental factors on its content could contribute on the understanding of cyanobacteria-specific acclimation processes and responses to changes of environmental conditions. On the other hand, it could be very important for optimization of cyanobacterial production of biotechnologically valuable chemicals, such as pigments [11] ; [12] . In the work presented here, we analyse the effect of different levels of pH in phycobiliproteins production and ammonium excretion of the cyanobacterial strains isolated from freshwater habitats of Loktak Lake.
MATERIALS AND METHODS

Cyanobacterial strains
Cyanobacterial strains used in the present study were isolated from freshwater habitats of Loktak Lake located in Manipur, India and is the largest freshwater wetland in the NorthEastern region of India. They were identified referring to monograph [13] and were deposited to Freshwater Cyanobacterial and Microalgal Repository 
Growth conditions
Cyanobacterial strains were optimized for its growth and high yield production of phycobiliproteins and ammonium excretion from it. In order to assess the influence of pH on the phycobiliprotein production and ammonium excretion, the pH of the BG-11 medium [14] was adjusted at 5.0, 6.0, 7.0, 8.0 and 9.0 using 1N HCl and 1N NaOH. Dried cyanobacterial biomass of 10 mg was inoculated into 100 ml of sterile BG-11 medium in 150 ml cotton-plugged Erlenmeyer flask. Experimental strains were maintained at 28±2ºC under illumination by cool white fluorescent light of intensity 54-67 μmol photons m 
Phycobiliproteins estimation
The content of phycobiliproteins (PC, PE, and APC) was determined using a spectrophotometric method [15] .
Ammonium determination
The amount of ammonium concentration in the medium was measured by Solorzano's phenol-hypochlorite method [16] . All the experiments were carried out in triplicates and the data were presented as mean values ± SD of three replicates.
RESULTS AND DISCUSSION
Quantitative analysis of PE, PC and APC against different levels of pH was presented (Fig 1a-1j) In this study, maximum ammonium excretion was observed in Nostoc muscorum BTA-950 in all the different pH and minimum in Anabaena sp. BTA-964 when compared to all the other cyanobacterial strains and were presented (Fig 2) . In order to determine the impact of pH on phycobiliproteins production and ammonium excretion, cyanobacterial strains were exposed to different levels of pH 5.0-9.0. Among the different levels of pH applied, pH 7.0 was found to be the best when compared to all the other four pH. At pH-5.0 and 9.0, the strains did not show proper growth. The increase in external pH 7.0-9.0 significantly increased the total phycobiliprotein content in Nostoc sp. UAM 206 [17] . The content of pigments varied to a great extent depending on the strain and also on growth conditions. Although Nostoc and Anabaena are phylogenetically very close in origin [18] , differences in their pigment content between the strains of both are evident, indicating a strain-specific property. Responses of microalgae to variation of environmental conditions could be done through cell changes or modulations of metabolism, and cellular compositions (acclimation response) or responses could be expressed through maintaining a balanced cell composition (homeostatic responses) [19] . Actually extreme buffer's pH cause internal electrostatic attraction by changing the charge on protein giving net positive charge and at this stage protein open up and bound solvent is lost, resulting denaturation of protein [20] .
Accumulation of ammonia by living cells is highly dependent on pH. However, it could comfortably grow over the pH range of 6.0-8.0. The data was in good agreement with the previous reports [21] ; [22] . However, when the pHex (external pH) fell below a certain value there was a significant decline in pHi (internal pH), suggesting that acidic sensitivity might be related to the limited ability of the cyanobacterium to regulate the internal pH as the external pH decreases. Changes in pH affect various processes such as solubility and bioavailability of nutrients [23] , transport of substances across the cytoplasmic membranes, activity of both intra and extracellular enzymes, photosynthetic electron transport and the osmotic potential of the cytoplasm [24] . Low external pH values may therefore limit cyanobacterial growth by lowering the intracellular pH, by increasing the maintenance energy requirement, by affecting solute transport, or by affecting cell membrane or cell wall biosynthesis [25] . In this study, the observed pH optimum value for the maximum production of phycobiliprotein is consistent with the values reported for the cyanobacteria Synechocystis [26] and Anabaena NCCU-9 [27] . Among other consequences, an internal pH drop could lead to the pheophytinization (the displacement of Mg 2+ by 2H + ) of chlorophyll [28] . The phycobiliproteins produced in the present was found comparable with other reported cyanobacterial strains by [29] .
CONCLUSIONS
The findings indicates that cyanobacterial strains of the present study may be proved as promising microorganism for the industrial applications as source of natural biopigments and biofertilizers. Changes in growth conditions could influence secondary metabolites content in these strains, and a high amount of phycobiliproteins and ammonium excretion can be achieved by combining appropriate factors. Cyanobacteria are imperative source of biopigments that may be exploited biotechnologically for the pharmaceutical industries. From this study, it can be concluded that these cyanobacterial strains from Loktak Lake could be led to further additional research at the genetic level as a potential platform which can be exploited at commercial purposes.
